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Abstract: In recent years, under the intensifying global warming, extreme weather has occurred more frequently in
Guangxi, presenting higher temperature and less rainfall in summer and autumn. The worsened drought has seriously
affected sugarcane production. Scientifically selecting an appropriate planting time is an important way to cope with the
summer and autumn drought. A sugarcane field test was conducted at the Shatang National Agricultural Meteorological
Experimental Station in Liuzhou, Guangxi in 2021 and 2022. By utilizing typical hot and dry seasons in summer and
autumn, the field experiments were conducted with three sugarcane varieties and the seedcanes were planted at seven
different times from February to May to study the impact of summer and autumn hot and dry conditions on sugarcane
yield traits at different planting times. The experimental results indicated that: (1) Under the conditions of high tem-
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perature and drought in summer and autumn, delayed planting tended to decrease the stalk length, stalk diameter, single
stalk weight, and theoretical cane yield at harvest. Planting time A in 2021 and 2022, the stalk length of each variety
was 178-227 cm, stalk diameter was 27.6-30.3 mm, and single stalk weight was 1.05-1.42 kg, while planting time A7, the
stalk length was only 76—145 cm, stalk diameter was 21.5-30.0 mm, and single stalk weight was 0.26-0.85 kg. (2) Planting
sugarcane in March resulted in the cane yield between 76.65 t/hm’ and 104.10 t/hm’. Sugarcane could utilize the favor-
able meteorological conditions at the early stages to alleviate the impact of summer and autumn heat and drought on
sugarcane. The sugarcane crops planting from April to May was significantly affected by drought, Planting sugarcane on
May 30th with a theoretical yield of only 18.90 t/hm” and 63.75 t/hm’, resulting in a significant decrease in cane yield.
(3) Sugarcane varieties ROC22 and GL05136 had advantages over GT42 in stalk length, single stalk weight, and cane
yield, but GT42 had advantage in stalk thickness, meaning ROC22 and GL05136 having stronger drought resistance.
Therefore, under the conditions of high temperature and drought in summer and autumn, suitable drought resistant sug-
arcane varieties should be selected, and sugarcane should be planted as early as possible to accelerate the early growth
and development progress of sugarcane. Before the onset of summer and autumn drought, robust plants should be ob-
tained to improve their drought resistance, in order to minimize the impact of meteorological disasters, and achieve high
and stable yields.

Keywords: sugarcane; planting in installments; meteorological factors; drought resistance; high temperature and drought
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Tab. 1 Meteorological factors and comparison with previous years of Shatang in Liuzhou from July 1 to October 31 of 2021 and 2022

Y 3 Rl = R S 12 42 T S HE B} % HE HE 32
G SEHS R Average - S BE T K T 5 [&ﬂjﬁh? H ,“\Hféﬁ H ,"\Eljjq:
Year temperature/ C Average temperature Rainfall/mm Rainfall Sunshine Sunshine
P anomaly/C anomaly/% duration/h anomaly/%
2021 27.6 1.5 388.0 -22 803.3 13.4
2022 27.3 1.2 337.3 =32 845.9 19.4
2023 26.6 0.4 479.2 -3.1 648.2 -8.5
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Tab. 2 Time and interval days of main growth stages of sugarcane at different planting times
A H B -2 AR AR -
A i i i A RAT I i i e ]
Planting time Emergence date Planting- Stalk Zl;)tr;gation Emergepce—-stalk Harvest date ‘Stalk elongg-
emergence elongation inter- tion—harvest in-
interval days/d val days/d terval days/d
Ay 2021-04-15 45 2021-06-10 56 2022-01-14 218
A, 2021-05-05 51 2021-06-20 46 2022-01-14 208
As 2021-05-10 41 2021-06-25 46 2022-01-14 203
Ay 2021-05-10 25 2021-06-30 51 2022-01-14 198
As 2021-05-20 20 2021-07-10 51 2022-01-14 188
As 2021-06-05 21 2021-07-15 40 2022-01-14 183
A 2021-06-20 21 2021-08-05 46 2022-01-14 162
B, 2022-04-15 46 2022-06-10 56 2023-01-05 209
B, 2022-04-13 29 2022-06-15 63 2023-01-05 204
B; 2022-04-28 29 2022-06-20 53 2023-01-05 199
B, 2022-05-05 20 2022-06-30 56 2023-01-05 189
Bs 2022-05-25 25 2022-07-10 46 2023-01-05 179
Bs 2022-06-05 21 2022-07-15 40 2023-01-05 174
B 2022-06-15 16 2022-08-15 61 2023-01-05 143
*3 AETHEEHEEREEETENRESIT
Tab. 3 Rainfall and temperature statistics of sugarcane development process at different sowing times
- -2 AR MR AR
Planting-emergence Emergence—stalk elongation Stalk elongation—harvest Planting—harvest
AT T . . .
Planting time F%ﬂj% Average Ve FHRR F%ﬂj% PR Fééﬂfi% FHRR
Rain- temperature Rainfall/mm Average teﬂm— Rain- Average teom— Rain- Average teom-
fall/mm I perature/C fall/mm perature/C fall/mm perature/C
Ay 68.0 18.0 448.4 24.3 663.1 22.9 1179.5 7163.0
A, 194.6 20.5 276.3 26.8 658.3 22.5 1129.2 6958.3
As 221.3 21.3 284.0 26.9 636.5 22.4 1141.8 6657.9
Ay 207.1 23.4 372.8 27.0 573.0 223 1152.9 6377.4
As 206.8 26.7 411.5 27.2 386.2 21.9 1004.5 6038.4
Ag 209.7 24.7 278.8 28.5 386.2 21.5 874.7 5593.2
A 78.8 27.3 288.3 29.7 370.0 20.3 737.1 5228.1
B, 92.3 18.9 397.1 22.5 793.8 23.2 1283.2 6978.2
B, 80.0 18.9 470.3 22.4 677.8 23.2 1228.1 6692.1
B; 58.1 20.6 547.2 23.6 604.0 22.9 1209.3 6405.3
By 81.8 20.2 624.4 243 441.9 22.8 1148.1 6074.0
Bs 151.9 20.9 757.3 25.9 204.2 22.6 1113.4 5759.3
Bs 211.4 22.5 602.3 27.0 204.2 22.4 1017.9 5450.1
B, 180.3 26.4 520.1 28.0 157.7 21.1 858.1 5147.7
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Tab. 4 Analysis of yield structure in sugarcane planted at different times

H

JpeTY SA T L N s i e =X
i ] i =k e T SRR R
. . .. . . eoretical cane 1€ over common

Planting time Varieties Stalk length/cm  Stalk thickness/mm  Stalk weight/kg yield/(t-hm?) production/%

A ROC22 227° 27.6° 1.30° 104.10° 39

GT42 208° 30.3° 1.23° 96.00° 28

GL05136 222° 27.8° 1.42° 99.45° 33

B, ROC22 195° 29.8° 1.37° 96.00° 28

GT42 189° 29.4° 1.14° 79.80° 6

GL05136 178* 30.0° 1.05° 76.65° 2

A, ROC22 212° 26.3° 1.26* 98.40° 31

GT42 185° 28.9° 1.08° 81.00° 8

GL05136 187° 28.9° 1.23¢ 86.10° 15

B, ROC22 197° 25.5¢ 1.15° 74.85° 0

GT42 181° 28.2° 1.12% 72.90° -3

GL05136 190° 27.4° 1.04° 78.00° 4

As ROC22 180° 27.6° 1.16* 87.00° 16

GT42 170° 29.3° 1.02° 79.65° 6

GL05136 181° 28.3% 1.15° 80.55° 7

B; ROC22 170° 28.9° 1.12° 61.65° -18

GT42 168° 30.4° 1.17° 62.10° -17

GL05136 200° 30.3° 1.22¢ 85.50° 14

A, ROC22 181° 29.5° 1.23° 73.80° -2

GT42 170° 31.4° 1.11° 77.70°* 4

GL05136 178° 30.6" 1.18° 70.80° -6

B, ROC22 171° 29.0° 1.24* 86.85° 16

GT42 146° 29.4° 1.03° 67.05° ~11

GL05136 157 29.2° 1.00° 85.05° 13

As ROC22 164° 25.4° 0.81% 60.75" -19

GT42 140° 25.4° 0.65° 47.40° -37

GL05136 173° 26.8° 0.97° 67.95° -9

Bs ROC22 145° 28.8° 0.91° 68.25° -9

GT42 131° 30.7° 0.93* 55.80° 26

GL05136 137¢ 27.9° 0.92° 73.65% -2

Ag ROC22 156* 25.0° 0.82° 57.45% -23

GT42 118° 24.9° 0.55¢ 41.25¢ —45

GL05136 128° 26.2° 0.71° 49.65° 34

Bs ROC22 158° 30.0° 1.03* 56.70° 24

GT42 119° 30.3° 0.82° 45.15° —40

GL05136 119° 30.0° 0.82° 61.50° -18

A, ROC22 145° 26.9° 0.85" 63.75° -15

GT42 108° 26.8° 0.61° 42.75¢ —43

GL05136 114° 30.0° 0.73° 54.75° 27

B, ROC22 76° 21.5° 0.26" 19.50° 74

GT42 76° 23.7% 0.29° 18.90° -75

GL05136 96° 24.5° 0.45° 36.00° -52

T ARFE/NE FRER S A PR 22 5 B2 (P<0.05) .

Note: Different lowercase letters indicate significant difference among treatments (P<0.05).



140 o AE A F AR

% 46 &

21.5~30.0 mm; FAZEE B AR N Ay, B
Fh s} (B 45 PP 2R FEVE LY 1.05~1.42kg, A7, Bs
R[] S AT R F I L 0.26~ 0.85 kg M
Wrea A, FEE MR R IER , Rl
PR/ B R, AL By TR RIS SRR ELES P
76.65~104.10 t/hm>, A, B, TRl [a]4% 5 A Eie ™
74 18.90~63.75 t/hm*, IS~ T W,

M ZE KRR, 2021 4F, As. As FARREHE
il GLO5136 ZE K i, Hoa& T Fhad a2
ROC22 f1; 2022 4F, Bs. By FApHS[H] & Fh
GLO05136 ZE KK, HaTNMEIEHEE ROC22
ERERK, & FAEEGMEK L : ROC22>
GL05136>GT42,

MR ZEHI R, 2021 4, As. Ag. A FAP
] S A GLOS136 25 Mk, HAY T Fhi(a] 4 2
i GT42 ZEM ML ; 2022 48, By, B; FAhATE]
Al GLOS136 ZEMEHL, HAY#S T Rl ] o 4 &
il GT42 ZEHH M o 45 T R st B] A 2540 HL A
GT42>GL05136>ROC22,

MBAZEEORE, 2021 4F, Ay, As FFRHHE
Flt GLO5136 HLZEHi ey, Hoax T AP B[] 247 /2 b
ROC22 FZEH i 5 2022 4, By, B, Al [E] i
il GLO5136 HLZE 1 fe ey, HAR T RIS ] s 5 02
Filt ROC22 FRZE T de iy o 45 B P[] i B B 25 5 L
. ROC22>GL05136>GT42,

MWHIE =B A, 2021 4, BR FAATE Ayl
Ashb, AR A ROC22 HS ™ it
s 2022 4F, By, By MFRRETE]G A ROC22 B
WrE s, A T AT R SR GL05136 2
WrE R i o 45 T R[] 5 R BRSPS
ROC22>GL05136>GT42,

IS S Y R AR R R (MR
AEH R AR OR IR T U R S s, el
75.0 t/hm®) , A, FlI By Rl ) H = S A H
AR SR A e e, e 2021, 2022 241
G AR P R 28%~39%F1 2%~28%; A FlI
By R[] H T S A b AR 2 e A
BEmMAL, Ho Ay By TR TRIH ™ &2t 4R
FER T BRAR 15%~43%F1 52%~75%, 7o %
TR

3 it

T A AE TP RN V0 3 FE R AR R SR G T
JE 2021, 2022 4FEAR4FE 7 WY 3 4 H S FhH 4>

R ol DR 56 A K 2023 4F 2 B9 S EIR S,
FH 2021, 2022 4F Fb 45 880 1) 5 Bk o 1R 5 AU AR
S, DA 2023 A HASIE R ISR S, WFSE Ak
R T R ARG A XS AR T A e [ R e
ARV, S5 5RFm]

(1) 7E24H 50T, H REFAR A (R, AH
o7 {4 T A 2R A AR, S A KR
ANFERARE RN HRE, £ 10 H URRREK . &
WK, HEEAERKMSE, HoarPaRRE,
TERERE 34

(2) AS[R) R st i) 7 B4 A= 4K 5 o T 2 R
FEA O B A TR R AR I 450 R T RE R
HAZEAPR, FRADE MR 2O, s
L R e R A R AR v R R

(3) FEREMERTRORBEERLMT,
& AR IEIR , H A AR KA Y 2R
K30 =2 (] [l B it ) 4 e, eSO H EZE
HL. PR B R BT MR

(4) 16 3 AFRDEALE, HE~27E 76.65~
104.10 t/hm* 22 i), H 7EAE A #2450 0 78 3 (1
T RTS8 ‘R 3 AR A 5 R o i R bR, A — e
B T B AR R T 2 AR s, R
ARG e A 1 7 i 5 TR 4—5 ] S IR R ke B A
BE, ZEMTREEmER, H" &R E TR,

(5) HEEsF ROC22, GLO5136 fEZ5K |
K PRI R GT42 Ey, (HE7EZEH
J7IE, fhAP GT42 HE ROC22. GL05136 ZE Mk ;
PR AT, SR ROC22. GL05136 Hi 51
LZiigs

T A TR AR 2 T EOH AR K R 4R
wRCH " —E TR, AARFENERN, F
TR U H MK, BB m R T R0
U B W R B NS T = S o o
AR 2023 AEFEAT T H RERUE S, RI4 5 7E
2023453 A 1 HRAATS A 31 HFFAP, Uik
1E£20244E 1 H 10 H 3 H s ROC22 .GT42 .
GL05136 “F-2 728435124 100.71 t/hm* (3 H 1 H
TFF) . 86.22 thm® (5 /] 31 HF#l) , HRELR
BEE R H S8, H 2021, 2022 4F A, B,
SF-H R 99.85 t/hm® | 84.15 t/hm® 43 B4R &
0.86%. 19.7%; Lt 2021, 2022 4F A;. By, V1
P 53.75 t/hm?. 24.80 t/hm* 4391425 60.4% .
239.3%.2023 4F 7—10 H Jy L4 1E B9 SR 5
EH MRS AL EGE R, FHRIER

Rl



5514

RAZH A - EAK R XA RS R (] H R R R A 141

26.6 'C, WHAEME 0.4 C, FERI&H 479.2 mm,
LT AEFE R 2D 3.1%, HABKETREW LS, &
AR B AT, LR A I RN 3 A
R A AT H R AR R E R .
MR IG 25 R . R IE W AR AT, A
o H RE R AP R ER A A B K gy TR
S50, HERRERMAE S =E. mTHRE
TAPEEER , SLEA KBS E, FECH R &
TR, AHEXT T EAT FAE R 2021 4EF 2022
i, SECHRE "R FETRE, T IEIE
HAMBAE R Y 2023 4F, SECH " & T RIFA R
5 U B B ) 19 3R S 85CH AR K R A
S I R i MR, (HR R R R
W e iR T R Al o

2021 4EFil 2022 4F ML ) BB B U T FAR 0,
Ay F By FOE 0 H REFR IS - B RES A E] 76.65~
104.10 t/hm*, FRA5 HAG R A P2 o0, RO ) 45 HL
2 b Iy A FRAE S ) A 5 CHE U0 I B R AR AR
Sy GEIT, XYM A RE V-2 T R R 3 A
22 H) , HTAMEETE R, HRE . 25T
(B AH D BT, BRI FH AT HL S A B SRR 4%
, EEKETRERIGZE, H MRS K
Kot FRBEAR R PRI, S H Pl R 6
J1, FIFH =8I L. 2021 451 2022 55 5~7
Wy, MEE H REFPREE R AR, PR R AR,
o i PR A R 2R A I 52 B iR T S 5
M, HREZEE, HEEARAE KNS, Mk
AN, AR, PLRERE RS, WMotk R
THFET, AR T HEEARKA ™R, L
HRER ™ @ o T A, UEPATEST TS
ST AT, WEE R T FETE, ] Lk
B ol BH J A R R T A g o M RO R AR
7 R R AR

TEH B APLR LR I, 286k, ROC22,
GLO05136 X 2 MHREMFI7EZE K | BLZEd ™ 5
i GT42 A, (AR GT42
ROC22. GL05136 Afi#. ROC22 Fl GL05136
FrE S, TR RIE R N AP, ROC22 FHXT
GLO05136 ;& 5 = , 7E QB N AR Y, 0] GL05136
PR ROC22 &, 6] ROC22 7R84 K A
AR, KEE, 22K, B2XES, 24558
P EAAE S sR AR S, GLO5136 T HA7 043 A K 2
PUERE AR, FERR B AR R T R A
T, GL05136 HABHFPLRAE S, Sapep sl

FIBF ST — 2, MM R X Ak T Ve i X AL, 7F
HRE T2 B8 5 Z B R AR F 152
wSCH R AR L REEE AR R SRR . ZEAFIR
FELABOSNE & & . HRE R T, Z2FENH G
S50 RE Y B8 R DL B A i MR ORE 0 & Bk
i, ROC22 HI GT42 (it FEPEARXT GLO5136 %52
B 52 B FR R AR IR E B

i bRk, BEE NG SRS, SRR
AR, B RS A, AR S AR e
RS (2022) , AR & il R AR 2 iE—
AAEIT, AR TR CE H s BT,
P IR B TR RN 5 0 Sy A - BT 3
HRERP RN R0 2—4 H, AL R
Ho, HIEEREE, K. PRAERE RN, Bk
e Tl T SR S 5 TR I A K s R
A, SR TR ERK g e TR A R R
R, R R R PR DT R R R
Fr, REERHR ARG, U7 2—3 AR
RS, KRR HRERTFE T AR, FIHE R R
VR T AP, R H AR KR, 3RS
BRAAKEE, EEKTRERIEZ0, HRERe
AR A IR, S — 24 H e R T,
I A H O &

2% 3Tk

(1] B4e, WenmE, BUmsr, XUk, Sk, Fa0. 1961—

2020 AF)TVH BT SR 2SRRI [T]. PR AR
2741k, 2022, 35(5): 1193-1201.
HUANG W, YAO Y Q, DUANJ Q,LIU Y Y, WU X K,
WEI J F. Temporal and spatial characteristic of sugarcane
drought in Guangxi during 1961—2020[J]. Southwest China
Journal of Agricultural Sciences, 2022, 35(5): 1193-1201. (in
Chinese)

2] BkEEE, Ew, EHR. URERERTPEETTRK

AU FRAE B X SR [T]. AR AR, 2016, 25(3): 432-
439.
YAO Y B, WANG Y, WANG J S. Characteristic and coun-
termeasures of drought risk in south China under the back-
ground of climate warming[J]. Ecology and Environment
Sciences, 2016, 25(3): 432-439. (in Chinese)

[3] Afh, 4, AR, BEERLL, £, R, 2T
TRWRAT MR ABA X HES B A B ERIAL K ek Y
SER]. BirEYI~#A, 2023, 44(3): 553-561.

NONG Q, XIEJ L, LIN L, MO Z H, WANG Z P, SONG X
P, LI C N. Effects of exogenous ABA on physiological

characteristics and gene expression in sugarcane seedlings



142

% 46 &

(4]

(3]

(6]

(7]

(8]

(9]

under drought stress[J]. Chinese Journal of Tropical Crops,
2023, 44(3): 553-561. (in Chinese)

BRTE, TR, BRE, TR, X0, RN, fLA, 23
B AT BN A KSR R A R R
M[I]. PFTED AR, 2021, 42(4): 991-999.

AN D S, YAN C M, CHEN X, XU L, LIU Y, SU J B,
KONG R, DOU M A. Effect of agronomic water saving
measures on growth and yield of sugarcane under seasonal
drought[J]. Chinese Journal of Tropical Crops, 2021, 42(4):
991-999. (in Chinese)

XIBeE;, BRAEZE, JEVERY. 2021/22 AR E WM
MBS 2022/23 4FFEZEREEI]. HEEMNDE, 2022, 51(4):
54-65.

LIU X X, WU Z J, ZHOU ] Y. Domestic and foreign sugar
markets in 2021/22 crushing season and their prospect for
2022/23 crushing season[J]. Sugarcane and Canesugar, 2022,
51(4): 54-65. (in Chinese)

XIS, SRRLT, 284k, 2022/23 4EMEZ E A AT i 0]
B 2023/24 SEFEREEA)]. HHERDIL, 2023, 52(6): 69-83.
LIU X X, MENG W Y, LI W. Domestic and foreign sugar
markets in 2022/23 crushing season and their prospect for
2023/24 crushing season[J]. Sugarcane and Canesugar, 2023,
52(6): 69-83. (in Chinese)

P, He, e, EER, 0T, KRE, B,
XU, H R P SR A 114 T [R] 470 5248 s 0 a5k B i 52 P
W] B4, 2023, 54(1): 46-55.

LIH B, ZHOU H, WEILJJ,GUI Y Y, ZHU K, ZHANG R H,
YANG R Z, LIU X H. Drought resistance index screening
and drought resistance evaluation of commonly-used sugar-
cane parents in field[J]. Journal of Southern Agriculture,
2023, 54(1): 46-55. (in Chinese)

XI=Mg, e, 225548, SRR, MO, ARAF
1T S0 X H RS HE bR S A AR PR S A )],
flr=#9R, 2016, 47(8): 1273-1278.

LIU S M, YANG Q H, LT X N, HUANG G P, XIAO G L.
Effects of drought stress on morphological index and
physiological characteristics of sugarcane at different growth
stages[J]. Journal of Southern Agriculture, 2016, 47(8):
1273-1278. (in Chinese)

RIEH, EhACSR, WA, XK, B, Bl SRR
T REA S AR DL R A KR )], PR
2FR, 2022, 43(7): 1411-1416.

WU X K,MADC,HUANG W, LIUY Y, WEIJF, YAOY

Q. Effects of meteorological factors on the emergence rate

[10]

(1]

[12]

[13]

[14]

[15]

[16]

and seedling growth of sugarcane[J]. Chinese Journal of
Tropical Crops, 2022, 43(7): 1411-1416. (in Chinese)
RART . T HEFEHUMAL DR AR BOR S BT[]
IR BLBRAE, 2023(3): 14-16.

ZHU J J. Mechanized deep tillage and deep loosening tech-
nology for sugarcane cultivation and its promotion and ap-
plication[J]. Guangxi Agricultural Mechanization, 2023(3):
14-16. (in Chinese)

ZIRR, s, FGE, RAR, K&2, EICR. Ihie
T HHERT RARIAL]. HEERL, 2016(2): 37-40.
LIXJ,KUI X L, ZHOU W J, ZHOU Q W, ZHANG Y Z,
WANG W R. Preliminary experiment of sugarcane cultiva-
tion for drought resistance in Lincang[J]. Sugarcane and
Canesugar, 2016(2): 37-40. (in Chinese)

LhPERE, BERL, TRate, fISGE, EEM. AEBFA
Xof A AR A MR B A (], B Ol B,
2014, 37(1): 28-29.

MA Z H, XUE J, ZHANG H H, HE W Z, WANG D Q. The
effect of different cover patterns on agronomic traits and
yield of ratoon sugarcane[J]. Tropical Agricultural Science &
Technology, 2014, 37(1): 28-29. (in Chinese)

ERALR. AWM EE)M]. st K4
JEL, 1993.

National Meteorological Administration. Norms for agricul-
tural meteorological observations (volume 1)[M]. Beijing:
Meteorological Publishing House, 1993. (in Chinese)
ZIER, PIEW, MEW, FHE, Fh, ®R. 20 M5
A A (R PTRIE LR D]. AR, 2020, 41(12):
2482-2491.

LIXJ,LUO ZQ, LU C Q, TANG J C, ZHOU Z, CAO Q.
Evaluation of drought resistance on twenty sugarcane varie-
ties (strains)[J]. Chinese Journal of Tropical Crops, 2020,
41(12): 2482-2491. (in Chinese)

HESER. R 5(2022)[M]. bRt Bl
HRRAE, 2022.

China Meteorological Administration. Blue book on climate
change in China 2022[M]. Beijing: Science Press, 2022. (in
Chinese)

JEHE, FRAi, WA, hETHE AR ZHRAST R
B E T[], TP EARIKFIK L, 2015(4): 101-104.
ZHOU R, GUO C Q, PAN L Y. Research on the formation
mechanism with multiple factors of drought and flood disas-
ters in karst area of southwest China[J]. China Rural Water
and Hydropower, 2015(4): 101-104. (in Chinese)





